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Abstract
If electroweak symmetry is spontaneously broken by technicolor, there will
be technimesons analogous to the mesons of the ordinary strong interactions.
One of the lightest technimesons is the technieta η′T (the analogue of the η
′). In
this work we consider the possibility of observing it at a linear e+e− collider
operating in the γγ mode. Detecting the process γγ → η′T allows for the
measurement of the η′Tγγ anomalous coupling which is in principle sensitive
to the underlying technifermion substructure.
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The mechanism which is responsible for the spontaneous breaking of SU(2)L ⊗ U(1)Y
electroweak symmetry down to the U(1) of electromagnetism remains unknown. In the
standard electroweak model this mechanism involves elementary scalar fields, whose presence
in the theory makes it in some sense ‘unnatural’ [1]. One of the proposed alternatives to
the standard model is technicolor [2]. In this scenario, there are no elementary scalar fields,
and electroweak symmetry is spontaneously broken by condensates of new fermions bound
by the technicolor forces.
In the minimal technicolor (TC) model [2], in addition to the usual quarks and leptons,
there are two new fermions U and D. These technifermions engage in TC and electroweak
interactions, but are color singlets. The TC dynamics is assumed to be QCD-like and have
an SU(NTC) gauge symmetry. Each of the technifermions is assigned to the fundamental
(NTC) representation of SU(NTC). With respect to the electroweak SU(2)L⊗U(1)Y gauge
group, the left-handed components of the technifermions form a weak-isospin doublet QL =
(UL,DL) having zero hypercharge, whereas the right-handed components UR and DR are
weak-isospin singlets with hypercharge YR = 1 and − 1 , respectively. It follows that the
charges of U and D are QU = 12 and QD = −12 . With these assignments, the model is
free of gauge anomalies.
In the absence of electroweak interactions, the TC Lagrangian in the massless limit has
a global techniflavor SU(2)L ⊗ SU(2)R symmetry. The situation is analogous to the chiral
limit of QCD. When the TC forces become strong at an energy scale ΛTC = O(1 TeV) ,
they form technifermion condensates which break the global symmetry down to SU(2)L+R.
As a consequence, there are three Goldstone bosons, which are the massless technipions π±,0T ,
corresponding to the broken generators. The axial currents corresponding to these generators
couple to the π±,0T with strength FpiT = 246GeV . When the electroweak interactions are
turned on, the electroweak gauge bosons couple to the axial currents. Consequently, theW±
and Z0 gauge bosons acquire masses, and the π±,0T disappear from the physical spectrum,
having become the longitudinal components of the W± and Z0.
Since the minimal TC model cannot account for the masses of ordinary quarks and
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leptons, generating their masses requires new interactions. Hence, in considering the minimal
TC model in this paper, we assume that the model is a low energy sector of a larger, more
realistic model incorporating such interactions, which occur at scales higher than several
TeV [3]. Since here we are working at energies up to only a few TeV, we expect that we can
ignore these interactions. At such energies these interactions are assumed to be represented
by effective four-Fermi interactions involving technifermions and ordinary fermions, so that
when technifermion condensates form, ordinary fermions get their masses.
The lightest technihadrons in the physical spectrum can be inferred from QCD. The
π±,0T having been absorbed by the W
± and Z0, the spectrum begins with a technieta η′T , a
technirho ρT , and a techniomega ωT . The η
′
T and the ωT are techni-isospin singlets, while
the ρT is a techni-isospin triplet. They are roughly ΛTC/ΛQCD times heavier than their QCD
counterparts. Information about the substructure of these technihadrons may be obtained
by observing them at multi-TeV colliders. The production and detection of the ρT and the
ωT have been much dicussed in the literature [4].
In this paper we are concerned with the η′T , which has not received much attention
recently. One detailed study on the η′T of which we are aware was done more than a decade
ago [5]1. Our purpose here is to take another look at the η′T and its detection in the light of
some recent development in collider physics. One of its decay modes is η′T → γγ (in analogy
to η, π0 → γγ) which occurs via the anomaly [5], with technifermions appearing in the loop.
This implies that the observation of the η′T at a γγ collider can be a means to probe the
technifermion substructure, providing information complementary to that found in ρT and
ωT studies. Here we shall consider the detection of the η
′
T at a future high-energy photon
linear collider realized by laser-backscattering technique at a linear e+e− collider [7]. Such
a γγ collider produces high-luminosity beams and clean backgounds, which are necessary
1One recent paper [6] dealt briefly with the η′T and the possibility of observing it as one of the
decay products of the ρT in TC models with scalars
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factors in this endeavor because of the smallness of the η′Tγγ coupling.
Our ability to detect γγ → η′T → X depends on the choice of final state X . The four-
Fermi couplings between technifermions and ordinary fermions may cause the η′T to have
appreciable decays into a pair of ordinary fermions. Since a reliable model for the couplings
of the η′T to ordinary fermions is still unknown, conventional wisdom, based on analogy with
the minimal standard model, suggests that they are proportional to fermion mass, and so
the η′T will decay mostly to a pair of top quarks. We shall show that in such a case the tt¯
decay mode can provide a window to observe the η′T . Now, we have no guarantee that the
tendency to couple to fermion mass will always occur; for even in multiple-Higgs models
such a tendency can be evaded. Hence we shall also consider the possibility that the decays
into fermion pairs are negligible. Consequently, the η′T decays mostly into two and three
electroweak gauge bosons and becomes a very narrow resonance. In this case we shall show
that the η′T is detectable in its γγ decay mode.
In order to discuss the decays of the η′T , we need to construct the relevant effective
lagrangians. The effective lagrangian which gives the couplings of the η′T to ordinary fermion
pairs can be written as
Lη′
T
ff¯ = −i
∑
f
λf
mf
FpiT
ψ¯f γ5 ψf η
′
T , (1)
where ψf andmf are, respectively, the fields and masses of the fermions, λf are dimensionless
constants, and the sum is over all ordinary leptons and quarks. For the case in which the η′T
couples to fermion mass, we shall take λf = 1 for all f ’s, resulting in the same lagrangian
as that in Ref. [5]. In the second case, in which the decays into fermion pairs are negligible,
we shall set λf = 0 for all f ’s.
In the second case the decays of η′T into electroweak gauge bosons become important.
Since the minimal TC dynamics is QCD-like, we expect that some of the decay properties of
the η′T are similar to those of the η and η
′ of QCD. They are two of the lightest pseudoscalar
mesons whose low-energy interactions with the lightest vector mesons and the photon can
be described by an effective chiral Lagrangian [8–10]. What we need then is an analogous
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effective Lagrangian which can describe interactions involving the lightest pseudoscalar and
vector technimesons as well as the electroweak gauge bosons at energies below ΛTC.
Before writing down the desired effective Lagrangian [11], we discuss the fields contained
in it. We collect the pseudoscalar fields η′T and πT into a unitary matrix U = exp(iϕ/FpiT ) ,
where ϕ = 1η′T + τ · piT , with τ = (τ
1, τ 2, τ 3) being Pauli matrices. This construction
has been chosen because an analogous choice made in QCD leads to good agreement with
data, as will be noted later. Under global U(2)L⊗U(2)R transformations, U → LUR† with
L,R ∈ U(2) . For the vector technimesons ωµT and ρµT , we construct a matrix V µ = 12g(1ωµT+
τ · ρ
µ
T ) , where g is a constant. The relation between g and the ρTπTπT coupling constant
will be shown below. Vµ is related to auxiliary fields A
L,R
µ defined by A
L
µ = ξVµξ
†+ i∂µξ ξ
†
and ARµ = ξ
†Vµξ + i∂µξ
†ξ , where ξ = U1/2 . In order to include the electroweak
interactions, we gauge an SU(2)⊗U(1) subgroup of the global U(2)L⊗U(2)R, and introduce
left-handed and right-handed gauge fields ℓµ =
1
2
g2τ ·Wµ and rµ =
1
2
g1τ
3Bµ , reflecting
the assignments QU =
1
2
and QD = −12 of the underlying technifermions. Bµ and
Wµ are defined in terms of the photon, W
±, and Z0 fields in the standard way. Under
SU(2)L ⊗ U(1)Y gauge transformations,
ℓµ → LℓµL† + i∂µLL† , rµ → RrµR† + i∂µRR† , (2)
where now L ∈ SU(2)L and R = exp(−12iτ 3θ) . We require ALµ (ARµ ) to transform the
same way as ℓµ (rµ),
ALµ → LALµL† + i∂µLL† , ARµ → RARµR† + i∂µRR† . (3)
This is to ensure gauge invariance, as we will see shortly.
We divide into four parts the effective Lagrangian L which gives the decays of the η′T
into electroweak gauge bosons. The corresponding action is written as
Γ =
∫
L d4x =
∫
(L1 + L2) d4x+ Γ3 + Γ4 . (4)
We have included in L only the most relevant terms for our purposes. To L must be added
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the kinetic terms of the vector technimesons and the electroweak gauge bosons, which we
will not write explicitly.
The first part of L is2
L1 = m
2
2g2
Tr
[
(ALµ − ℓµ)(ALµ − ℓµ) + (ARµ − rµ)(ARµ − rµ)
]
− b
2g2
Tr
[
(ALµ − ℓµ)U(ARµ − rµ)U †
]
, (5)
which is evidently gauge invariant. Upon expanding to second order of pseudoscalar fields,
from the vector mass term and the pseudoscalar kinetic term in L1 we obtain the relations
m2ρT = m
2
ωT
, m2 =
1
2
(m2ρT + g
2F 2piT ) , b = g
2F 2piT −m2ρT . (6)
We could also obtain in L1 the mass terms of the W± and Z0. Using (6), we find in L1 two
terms which will be pertinent in evaluating the decays of the η′T :
LρT piTpiT =
i
2
gρTpiTpiT
g
Tr
[
V µ(ϕ∂µϕ− ∂µϕϕ)
]
, (7)
where3 gρTpiT piT = m
2
ρT
/(2gF 2piT ) , and
LρTA = −
m2ρT
g2
Tr
[
V µ(ℓµ + rµ)
]
, (8)
which gives the couplings of the vector technimesons to the electroweak gauge bosons, A =
(γ,W±, Z0) . The mass of the ρT and gρT piTpiT can be expressed in terms of their QCD
counterparts by using large-NTC arguments and scaling from QCD [13]. One gets
mρT =
FpiT
Fpi
(
3
NTC
) 1
2
mρ , gρT piTpiT =
(
3
NTC
) 1
2
gρpipi , (9)
where Fpi = 92MeV is the pion decay constant, mρ = 770MeV is the ρ-meson mass, and
gρpipi is related to the decay width of the ρ by Γρ→pipi = g
2
ρpipi |ppi|3/(6πm2ρ) .
2What we have here is analogous to the approximate vector-meson dominance mentioned in
Ref. [9].
3Setting g = gρT piTpiT would give us the TC counterpart of the KSRF [12] relation.
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The second Lagrangian expresses the breaking of the axial U(1) symmetry and provides
mass for the η′T in the chiral limit. It is written as
L2 =
aF 2piT
8NTC
[
Tr(lnU − lnU †)
]2
, (10)
with a being a constant. a is connected to the mass mη0 of the flavor SU(3) singlet of QCD
in the chiral limit by [5]
a =
1
6
F 2piT
F 2pi
9
NTC
m2η0 , (11)
where [14] mη0 ≃ 849MeV . Assuming massless technifermions, we find from (10) and (11)
that the mass of the η′T is
mη′
T
=
√
2
3
FpiT
Fpi
3
NTC
mη0 ≃
4
NTC
1.39TeV . (12)
Hence the η′T may be the lightest technihadron in the physical spectrum.
The third and fourth parts in Γ contain terms proportional to the Levi-Civita tensor,
ǫκλµν . We find it convenient to write them compactly using the notation of differential forms
[9]. Hence we define dU = ∂µU dx
µ , α = dU U † , β = U †αU ; and V = Vµ dxµ and
dV = ∂µVν dxµdxν for V = AL, ℓ, r . The third piece, Γ3, is the gauged Wess-Zumino-
Witten action [15]. Written in terms of differential forms, it is
Γ3 = ΓWZW (U, ℓ, r)
= c
∫
Tr[(dℓ ℓ+ ℓ dℓ)α+ (dr r + r dr)β − dℓ dU rU † + dr dU † ℓU ]
+ ci
∫
Tr(ℓα3 + rβ3) + · · · (13)
where c = −iNTC/(48π2) and we have shown only the relevant terms. For our choice of
quantum numbers of the underlying technifermions, Γ3 is gauge invariant. In order to write
Γ4, we need additional differential forms. They are α1 = α+iA
L−iUrU † , α2 = −iAL+iℓ ,
β1,2 = U
†α1,2U , and the field-strength two-forms F (V) = dV + iVV for V = AL, ℓ, r .
It is straightforward to show that α1,2 → Lα1,2L† and β1,2 → Rβ1,2R† under gauge
transformations. The fourth part is then
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Γ4 =
∫
Tr
[
c1
g
(α31α2 − α32α1) +
ic2
g2
F (AL)[α1, α2] +
(c1
g
+
c2
g2
− c3
g3
)
α1α2α1α2
+ d1
(
F (ℓ)[α1, α2] + F (r)[β1, β2]
)]
, (14)
where c1, c2, c3, and d1 are constants whose values will be discussed below. We easily see
that each of the c1, c2, c3, and d1 terms is gauge invariant.
The partial decay widths of the η′T can now be evaluated. In the case of η
′
T coupling to
ordinary-fermion pairs, we set λf = 1 for all f ’s in Lη′
T
ff¯ , from which amplitudes for the
decays into fermion pairs can be easily extracted. In this case the η′T also decays into a pair
of gluons through a quark triangle-loop, and the decay amplitude is [16]
Mη′
T
→gagb =
αs
πFpiT
∑
q
−1
2R2q
[
2 ln
(
1
2
Rq +
√
1
4
R2q − 1
)
+ iπ
]2
δab ǫκλµν k
κ
1k
λ
2 ǫ
µ∗(k1)ǫ
ν∗(k2) , (15)
where a, b = 1, ..., 8 are gluon color indices, the sum is over all quarks, Rq = mη′
T
/mq ,
and the strong coupling constant αs = αs(mη′
T
) . In order to compute the widths of the
f f¯ and gg decay modes, we use the values of fermion masses4 available in Ref. [17] and
take mt = 174GeV . In Table I we summarize the results, along with those of the decays
into electroweak gauge bosons to be discussed below, for NTC = 4, 5, 6 . The contribution
of the gg mode to the total width is seen to be comparable to that of the decays into
electroweak bosons. It is worth mentioning that in TC models with technifermions carrying
ordinary color we would expect the gg decay mode to proceed mainly through a colored-
technifermion loop, resulting in a much larger gg partial width, although the tt¯ mode would
still be dominant [19].
The decays into two and three electroweak gauge bosons come from (13) and (14), to-
gether with (7) and (8). We express the amplitudes for the decays into two (transverse)
electroweak gauge bosons as
Mη′
T
→A1A2 = −Cη′T→A1A2
e2NTC
8π2FpiT
ǫκλµν k
κ
1k
λ
2 ǫ
µ∗(k1)ǫ
ν∗(k2) (16)
4We use central mass values in the case of quarks.
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where A1A2 = W+W−, γγ, γZ0, Z0Z0 , ǫ0123 = +1 , and
Cη′
T
→W+W− =
1
3s2W
, Cη′
T
→γγ = 1 , Cη′
T
→γZ0 =
1− 2s2W
2cWsW
,
Cη′
T
→Z0Z0 =
1−3s2
W
+3s4
W
3c2
W
s2
W
,
with s2W = sin
2 θW (θW is the Weinberg angle) and cW =
√
1− s2W . The η′T also
decays into two technipions and one (transverse) electroweak gauge boson, in analogy to
η → π+π−γ in QCD. Since the π±,0T have become the longitudinal components of the W±
and Z0, the amplitudes for these decays are equivalent to those of the decays into two
longitudinal and one transverse electroweak gauge bosons, up to corrections which vanish
at energies much higher than mW,Z [20]. The amplitudes involving the π
±,0
T are written as
Mη′
T
→piTpi
′
T
A = −Cη′
T
→piTpi
′
T
AM(p, p
′) ǫκλµν p
κp′λkµA ǫ
ν∗(kA) (17)
with
M(p, p′) =
e
F 3piT
[
NTC
12π2
+
(
ic2
g2
+ 2d1
)
(p+ p′)2
(p+ p′)2 −m2ρT
]
,
where πTπ
′
TA = π+T π−T γ, π∓T π0TW±, π+T π−T Z0, and
Cη′
T
→pi+
T
pi−
T
γ = 1 , Cη′
T
→pi∓
T
pi0
T
W± = ±
1
2sW
, Cη′
T
→pi+
T
pi−
T
Z0 =
1− 2s2W
2cWsW
,
with each amplitude coming from direct and ρT -mediated diagrams, and the π
±
T and π
0
T now
being regarded as longitudinal W± and Z0. To determine c2 and d1, we make the choice
that
ic2
g2
= 2d1 = −NTC
16π2
, (18)
for we have found that a similar choice made for the analogous effective Lagrangian in QCD
resulted in good agreement with data for η → π+π−γ , ρ± → π±γ , and [8] ω → π0γ .
The decay widths calculated from (16) and (17) are listed in Table I for different values of
NTC, where the widths of η
′
T →W+l W−l γ, W∓l Z0l W±t , W+l W−l Z0t , with l (t) referring to a
longitudinal (transverse) polarisation, have been combined as Γ(πTπ
′
TA) in the last column.
Here we have used the parameters α = e2/(4π) = 1/137 , s2W = 0.232 , mW = 80.2GeV ,
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and mZ = 91.2GeV . There are also decays into four longitudinal weak gauge bosons,
which one might naively expect to be significant because the equivalent decay amplitudes
involving the π±,0T contain the ρT in the intermediate states and no electroweak couplings.
It turns out that their widths are suppressed by the presence of the antisymmetric tensor
ǫκλµν in the amplitudes and by the four-body final-state phase space. For example, using
(7), (9), (14), and (18), with NTC = 4 we obtain
Γη′
T
→W+
l
W−
l
Z0
l
Z0
l
∼ 10−3MeV (19)
for the choice 2c1 − c3/g2 = −2c2/g , whose QCD analogue led to good agreement with
data for ω → 3π [8]. (Since the actual values of c1 and c3 will not affect our results, we
leave them undetermined.) We therefore expect that there are no other significant partial
decay widths of the η′T than those given in Table I.
Table II shows for NTC = 4, 5, 6 the total width Γη′
T
in each of the two cases considered
here. In Case 1, where the η′T is coupled to fermion pairs, we obtain Γη′T by summing all
of the partial widths listed in Table I. In Case 2, where the η′T has negligible couplings to
fermion pairs, Γη′
T
is found from Table I by combining only the widths of the decays into
electroweak gauge bosons, and hence the η′T is a very narrow resonance.
We now turn to the production and detection of the η′T at a photon linear collider. By
directing a low-energy laser beam at a high-energy e+(e−) beam almost head-to-head, a
beam of backscattered photons is produced, carrying a large fraction of the e+(e−)-beam
energy. The resulting γγ beams have a luminosity comparable to that of the parent e+e−
beams. The energy-distribution function of a backscattered photon is given by [7]
fe/γ(x) =
1
D(ξ)
[
1− x+ 1
1− x −
4x
ξ(1− x) +
4x2
ξ2(1− x)2
]
(20)
where
D(ξ) =
(
1− 4
ξ
− 8
ξ2
)
ln(1 + ξ) +
1
2
+
8
ξ
− 1
2(1 + ξ)2
,
ξ = 4ω0Ee/m
2
e , with ω0 and Ee being the energies of the incident laser photon and the e
+
(or e−) beam, respectively, and x = ω/Ee is the fraction of Ee carried by the backscattered
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photon. fe/γ(x) vanishes for x > xmax = ωmax/Ee = ξ/(1 + ξ) . In order to avoid the
creation of e+e− pairs by the interaction of the incident and backscattered photons, we
require ω0xmax ≤ m2e/Ee , which implies ξ ≤ 2 + 2
√
2 ≃ 4.8 . For the choice ξ = 4.8 ,
which maximizes xmax, we obtain xmax ≃ 0.83 , D(ξ) ≃ 1.8 , and ω0 ≃ 0.31 eV for
an e+e− collider with center-of-mass energy
√
se+e− = 2TeV . Here we have taken the
photons to be unpolarised and the average number of backscattered photons per positron
(or electron) to be one.
Total cross sections σ at the parent e+e− collider are found by folding γγ-subprocess
cross sections σˆγγ with the photon distribution functions:
σ(se+e−) =
∫ τ2
τ1
dτ
∫ xmax
τ/xmax
dx
x
fe/γ(x)fe/γ(τ/x) σˆγγ(τse+e−) (21)
where τ1 (τ2) is the minimum (maximum) of the range of τ = sγγ/se+e− to be integrated
over. In order to find numbers of events, we multiply σ by the yearly integrated e+e−
luminosity Lee.
In Case 1 the η′T decays almost entirely into a tt¯ pair and so we expect γγ → η′T → tt¯
to be the only channel likely to be detectable. The background for this channel comes from
the process γγ → tt¯ . The combined amplitude for the signal and background processes is
Mγγ→tt¯ = −i e
2NTC
8π2FpiT
mt
FpiT
ǫαβµν kαk
′
βεµ(k)εν(k
′)
sγγ −m2η′
T
+ imη′
T
Γη′
T
u¯(p)γ5v(p
′)
+
(
2
3
e
)2
u¯(p)
[
6ε(k) 16p− 6k −mt + iǫ 6ε(k
′) + (k ↔ k′)
]
v(p′) , (22)
where k, k′ and p, p′ are the four-momenta of the incoming photon pair and outgoing tt¯
pair, respectively, and sγγ = (k + k
′)2 = (p + p′)2 . In the center-of-mass frame of the
incoming photons the background tt¯ production is peaked in the forward and backward
directions, whereas the signal tt¯ are produced isotropically. Hence we impose an angular cut
| cos θ| < 0.866 where θ is the scattering angle of the t’s in this frame. We assume that the
experimental resolution is smaller than Γη′
T
and that the tt¯ events can be fully reconstructed.
For Lee = 10 fb
−1 and
√
se+e− = 2TeV , the number of signal and background events in
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the mass interval mη′
T
− Γη′
T
/2 <
√
sγγ < mη′
T
+ Γη′
T
/2 is given in Table II.5 If desired,
the background could be reduced further, while the signal being increased, by employing
polarized γγ beams as was done in Ref. [21] for Higgs production.
In Case 2 the channel γγ → η′T → γγ is probably the only one likely to be viable. The
WW , γZ, and ZZ channels are known to have large backgrounds [22,23], while the WWγ
and WWZ channels may be too small to be useful. The background in the γγ channel
is dominated by W -boson loop contributions. The η′T being such a narrow resonance we
may safely ignore the interference effect between continuum background diagrams and the
resonance diagram. Consequently, the subprocess cross section can be written as a sum of
a resonance cross section and a continuum background cross section:
σˆγγ→γγ(sγγ) = σˆ
r
γγ→γγ(sγγ) + σˆ
b
γγ→γγ(sγγ) . (23)
The resonance cross section is given by
σˆrγγ→γγ(sγγ) = 8π
Γ2η′
T
→γγ
(sγγ −m2η′
T
)2 +m2η′
T
Γ2η′
T
. (24)
The background cross section can be estimated by scaling the γγ → ZtZt cross section
calculated in Ref. [23] by a factor e4/g4WWZ = sin
4 θW/ cos
4 θW . One finds σˆ
b
γγ→γγ(sγγ) ≃
25 fb in the relevant
√
sγγ range. For the same values of Lee and
√
se+e− as before, we show
in Table II the number of signal and background events in the interval 1.38TeV <
√
sγγ <
1.40TeV without employing any cuts.
In conclusion, we have shown that in the two cases discussed above the η′T can be
observed above the backgrounds at a TeV γγ collider. We learn from Tables I and II that
for larger NTC the signal-to-background ratio is better because the η
′
T mass is smaller and the
branching ratio of the γγ decay mode is larger. Although in this paper we have considered
only two possible cases in the simplest TC model, similar analyses can be made in more
5 The signal-background interference contribution is small and has been included in the number
of background events.
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complicated models in which the tt¯ or γγ decay mode is significant. Hence the η′T has the
potential to be a useful probe of its subconstituents. Our results above should give additional
motivation for developing a backscattered-laser beam facility in the future.
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TABLES
TABLE I. The mass and the partial decay widths of the η′T for different values of
NTC. In the fourth column Γ(f f¯ , no tt¯) is the combined width of the decays into all or-
dinary-fermion pairs excluding tt¯. In the last column Γ(piTpi
′
TA) is the combined width of
η′T → W+l W−l γ, W∓l Z0l W±t , W+l W−l Z0t .
NTC mη′
T
Γ(tt¯) Γ(f f¯ , no tt¯) Γ(gg)a Γ(WW ) Γ(γγ) Γ(γZ) Γ(ZZ) Γ(piTpi
′
TA)
(TeV) (GeV) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV)
4 1.39 80.4 58.3 56.3 19.3 4.8 3.8 3.5 8.1
5 1.11 63.1 46.7 55.2 15.3 3.8 3.0 2.8 2.1
6 0.927 51.3 38.9 54.2 12.5 3.2 2.5 2.3 0.7
aFor the three different values of mη′
T
listed here, αs(mη′
T
) = 0.084, 0.086, 0.088 , respectively,
obtained using the results of Ref. [18].
TABLE II. The total width of the η′T and the number of tt¯ (γγ) events for the signal S and
background B in Case 1 (2) for different values of NTC.
Case 1 Case 2
NTC Γη′
T
S B Γη′
T
S B
(GeV) (MeV)
4 80.6 103 70 39.5 28 3
5 63.2 147 97 27.0 51 4
6 51.4 189 120 21.2 70 4
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